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ABSTRACT 

 

A total of 200 samples of meat, minced meat, poultry meat and children diarrhea were collected from different 

shops in Aswan during 2018. These samples consist of 50 samples of each meat, minced meat, poultry meat and 

children diarrhea. Bacteriological examination of the samples was carried out for detection of Shiga toxins-

producing Escherichia coli (STEC) followed by serological and genetic characterization for serotyping and for 

detection of some virulence genes including stx1, stx2 and eaeA genes. The incidence of E. coli in meat, minced 

meat, poultry meat and children diarrhea was (11/50) 22%, (9/50) 18%, (6/50) 12% and (6/50) 12%, 

respectively. Incidence of Shigatoxin – forming genes; stx1 ranged from 33-77% and stx2 ranged from 36-83%, 

while eaeA ranged from 16-36%. STEC were found in meat, minced meat, and poultry meat and transferred to 

children through contaminated food. Good processing procedures and sufficient temperatures should be 

confirmed during meat preparation to avoid infection and possible food poisoning from this dangerous pathogen. 
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INTRODUCTION 

 

Shiga toxins producing Escherichia coli 

(STEC) lives in the intestines of animals especially 

ruminants which considered the main source of 

infection for humans. STEC contaminates meat 

during slaughter, evisceration, handling and 

processing and found on the carcass surface, in 

minced meat and in undercooked burgers (Fries et al., 

1996; Zhao et al., 2001). STEC are characterized 

basically by the production of Shigatoxins which 

causing cytotoxicity of the host cells through 

inhibition of protein synthesis, these toxins are not 

found in EPEC (Nataro and Kaper, 1998). STEC (or 

verotoxins producing Escherichia coli, VTEC) are 

very hazardeous group where it causing severe food 

poisoning; start from enteritis and ending by 

hemorrhagic colitis (HC), hemolytic uremic 

syndrome (HUS) and renal failure in human (Beutin 

et al., 2004; Blanco et al., 2004; Bolton, 2011). 

Symptoms of STEC infection start after 3-8 days and 

recovered after 10 days, some cases complicated to 

HC and about 3-7% into HUS (FSANZ, 2013). All 

human ages are susceptible for infection especially 

children and elderly (ICMSF, 2002). Normally 

infections  start  by  HC  and  then  complicated  into 
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HUS, although some atypical cases of HUS starts 

directly without diarrhea (Verweyen et al., 2000). In 

addition to HC and HUS, STEC causes neonatal 

meningitis, nasocomial septicaemia and post surgical 

infections (Falagas and Gorbach, 1995). O157:H7 

serotypes are more virulent than non-O157:H7 

strains, although some non-O157:H7 are similar in 

virulence to O157:H7 causing mild non bloody 

diarrhea to HUS and death (Johnson et al., 2006). The 

main non-O157:H7 STEC strains are O26, O45, 

O103, O111, O121 and O145 and having the 

virulence genes of Shigatoxins and adhesion protein 

(stx and eae). Similarly, the most implicated foods are 

ground beef, burgers and cattle considered the main 

reservoir for non-O157:H7 strains (Arthur et al., 

2002; Eklund et al., 2002; Liao et al., 2014). About 

400 serotypes of STEC were identified and about 100 

of them were described as a main cause of severe 

human infections and having the ability to produce 

one or more Shiga toxins (Bergey’s manual 2005). 

The similarity rate between STEC strains isolated 

from food and from human patients are 60%, so that 

Food was considered the most important and main 

source of infections (Miko et al., 2009). Meats have a 

special importance in transmission of STEC infection 

to human being which contaminated during slaughter 

or preparation (Cohen et al., 2007). In this work, we 

study the incidence of STEC in meat, minced meat, 

poultry and children diarrhea, serotyping of the 

isolates as well as some virulence genes such as Shiga 

toxins forming genes and adhesion protein gene. 

http://www.aun.edu.eg/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bolton%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=21114423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20YT%5BAuthor%5D&cauthor=true&cauthor_uid=24988027
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MATERIALS AND METHODS 

 

Samples 

A total of 200 samples of meat, minced meat and 

poultry meat were collected from different shops in 

Aswan during 2018. Sterile swabs in 10 ml BPW 

were used for taking diarrheal swabs which were 

collected from children hospitals in Aswan city. 

These samples consist of 50 samples of each meat, 

minced meat, poultry meat and children diarrhea. 

Samples were transferred in low temperature to the 

laboratory in the faculty of veterinary medicine, 

Aswan University for bacteriological, biochemical, 

serological and genetic assays of STEC. 

  
Isolation and Identification 

Twenty five grams of each meat sample were 

aseptically transferred to sterile stomacher bag 

containing 225 ml Buffered Peptone Water (BPW). 

The bag content was homogenized using a 

Stomacher® 400 Circulator (Seward Ltd., UK) for 3 

minute and incubated at 37 ºC for 12 hours. Loopful 

(10 µl) was taken from each BPW enrichment culture 

and from diarrheal swab wash after 12 hours 

incubation at 37°C and streaked on Eosin Methylene 

Blue Agar (EMB) plates (Oxoid, Code: CM0069) the 

culture plates were incubated aerobically at 37°C for 

24 hours for EMB plates. Olive green colonies with 

metallic sheen on EMB were positive for pathogenic 

E. coli. Positive colonies were picked up for further 

biochemical and serological confirmation. Positive 

strains were confirmed with Gram's staining, Indole 

production, Methyl Red, Voges-Proskauer, Simmon`s 

citrate, Urease production and Triple Sugar Irone agar 

(Quinn et al., 1994; Adams and Moss, 1999). Positive 

E. coli isolates were tested for presence of somatic 

(O) and flagellar (H) antigens using latex 

agglutination test (Hampshire, UK) (Krishnan et al., 

1987; March and Ratnam, 1989). 

 
Genetic Characterization 

Multiplex PCR assay of some virulence genes of      

E. coli O157:H7 including Shiga toxins-forming 

genes (stx1, stx2) and intimin gene (eaeA). DNA 

extraction was carried out by using QIAamp Mini Kit 

(Catalogue No: 51304) DNA purification kits 

(Qiagen, Germany) according to the manufacturer 

instructions. Primer sequences were used for stx1, 

stx2 and eaeA genes amplification (Gannon et al., 

1992, 1997) (Table 1). Multiplex PCR amplification 

of stx1, stx2 and eaeA genes was carried out. Each 

reaction consists of 2.5 µl of 10x buffer, 12.5 µl 

master mix (Emerald Amp GT master mix (Takara, 

Code: RR310A), 1 µl each primer of 20 pmol 

concentrations, 6 µl DNA template and nuclease free 

water till 25 µl volume. Thermacycler (Eppendorf, 

Germany) was used with initial denaturation step at 

94°C for 5 minutes followed by 30 PCR cycles, each 

consisting of 1 min of denaturation at 94°C; 1 minute 

of annealing at 58°C for 1 minute; extention at 72°C 

and final extension at 72°C for 10 minutes. PCR 

reaction mixtures were electrophoresed on 1.5% 

agarose gels and stained with ethidium bromide and 

visualized on UV transilluminator (Biometra) and 

analyzed using Biodoc Analyse Biomet (EL-Jakee    

et al., 2009). 

 
RESULTS  

 
The incidence of E. coli in meat, minced meat, 

poultry meat and children diarrhea was (11/50) 22%, 

(9/50) 18%, (6/50) 12% and (6/50) 12%, respectively 

(Table 2). E. coli serotypes isolated from meat were 

O111:H2, O125:H21, O128:H2, O26:H11, O55:H7 

and O124, from minced meat were O128:H2, 

O119:H4, O44:H18, O26:H11, O111:H2, O55:H7, 

O78, from the poultry meat were O26:H11, 

O114:H21, O119:H4, O125:H21, O2:H6 and from 

children diarrhea were O119:H4, O111:H2, O128:H2, 

O114:H21, O124 (Table 3,4). Incidence of virulence 

genes were as the following; stx1 was (5/11) 45%, 

(7/9) 77%, (2/6) 33%, (3/6) 50%, stx2 was (4/11) 

36%, (4/9) 44%, (5/6) 83%, (3/6) 50% and eaeA was 

(4/11) 36%, (3/9) 33%, (2/6) 33%, (1/6) 16% in meat, 

minced meat, poultry meat and children diarrhea 

were, respectively (Table 5). 

  

 

Table 1: Primer sequences of virulence genes in E. coli. 
 

Primer Oligonucleotide Sequence (5`- 3`) 
Product 

Size (bp) 
References 

stx1 (F) ACA CTG GAT GAT CTC AGT GG 
614 Gannon et al., 1992 

stx1 (R) CTG AAT CCC CCT CCA TTA TG 

stx2 (F) CCA TGA CAA CGG ACA GCA GTT 
779 Gannon et al., 1992 

stx2 (R) CCT GTC AAC TGA GCA GCA CTT TG 

eae A (F) GTG GCG AAT ACT GGC GAG ACT 
890 Gannon et al., 1997 

eae A (R) CCC CAT TCT TTT TCA CCG TCG 
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Table 2: Incidence of E. coli in meat, minced meat, poultry meat and children diarrhea. 
 

Samples Number Positive number Percentage 

Meat 50 11 22 

Minced meat 50 9 18 

Poultry meat 50 6 12 

Children diarrhea 50 6 12 

Total 200 32 16 

 
Table 3: Serotypes of E. coli in meat, minced meat, poultry meat and children diarrhea. 
 

Samples Serotype Number Percentage E. coli group 

Meat 

O111 : H2 3 27% EHEC 

O55 : H7 3 27% EPEC 

O125 : H21 2 18% ETEC 

O128 : H2 1 9 % ETEC 

O26 : H11 1 9% EHEC 

O124 1 9% EIEC 

Minced meat 

O128 : H2 3 33% ETEC 

O119 : H4 1 11% EPEC 

O44 : H18 1 11% EPEC 

O26 : H11 1 11% EHEC 

O111 : H2 1 11% EHEC 

O78 1 11% EPEC 

O55 : H7 1 11% EPEC 

Poultry meat 

O26 : H11 2 33% EHEC 

O114 : H21 1 11% EPEC 

O119 : H4 1 11% EPEC 

O2 : H6 1 11% EPEC 

O125 : H21 1 11% ETEC 

Children diarrhea 

O119 : H4 1 16% EPEC 

O111 : H2 2 33% EHEC 

O128 : H2 1 16% ETEC 

O124 1 16% EIEC 

O114 : H21 1 16% EPEC 

 

Table 4: Serotypic and genetic characterization of E. coli in meat, minced meat, poultry meat and children 

diarrhea. 
 

Serotype stx1 stx2 eaeA Source 

O26: H11 + + + Chicken& meat and minced meat 

O114: H21 - + - Chicken and children stool 

O119: H4 + + - Chicken& minced meat and children stool 

O2 : H6 - + - Chicken 

O125: H21 - + + Chicken 

O111: H2 + + + Meat& minced meat and children stool 

O55: H7 + - + Meat and minced meat 

O125: H21 - + + Meat 

O124 - - - Meat and children stool 

O128: H2 + - - Meat &minced meat and children stool 

O44: H18 + - - Minced meat 

O78 + + - Minced meat 
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Table 5: Serotypic and genetic characterization of E. coli in meat, minced meat, poultry meat and children 

diarrhea. 
 

Sample 
stx1 stx2 eaeA 

Number Percentage Number Percentage Number Percentage 

Meat 5 45 4 36 4 36 

Minced meat 7 77 4 44 3 33 

Poultry meat 2 33 5 83 2 33 

Children diarrhea 3 50 3 50 1 16 

 
DISCUSSION 
 

In this study, results revealed that incidence of        

E. coli in meat (22%) and minced meat (18%) were 

higher than that in poultry meat (12%), 

contamination by E. coli in fresh meat and minced 

meat was higher than that of poultry meat may be 

due to the E. coli is a normal inhabitant of the large 

intestines of cattle and higher possibility of meat 

contamination during slaughter, evisceration, 

transport, preparation. Also, cattle are the main 

reservoir of STEC (Meng et al., 2013). Furthermore, 

minced meat may get contaminated from several 

steps during handling, mincing and storage so that it 

may be more harmful to the consumers and health 

(Eldaly et al., 1988). Incidence of E. coli in meat 

(22%) was lower than Momtaz et al. (2013) (29%), 

Farhan et al. (2014) (30%), Patricia et al. (2014) 

(36.1%) and Hyun-Jung et al. (2015) (42.3%) but 

higher than Kesava et al., 2011 (0.6%), Mohamed    

et al. (2013) (11%) and Sethulekshmi et al. (2016) 

(12.5%). Incidence of E. coli in minced meat (18%) 

was higher than Wenting et al. (2012) (5.2%), 

Perelle et al. (2007) (11%) and Mora et al. (2007) 

(11%), lower than Acheson, (2000) (21%), Panahee 

and Pourtaghi, (2016) (23.5%), Zaki and Elmahrouk, 

2005 (44%), Badri et al. (2009) (45%), Hazarika et 

al. (2004) (56.8%) and Soliman and Tabiy (2006) 

(68%). Incidence of E. coli in poultry meat (12%) 

was similar to Momtaz et al., 2012 (11%), lower 

than Zende et al. (2013) (16.67%) and Nguyen et al. 

(2016) (92.7%), Hyun-Jung et al. (2015) (75.9%), 

Eyy and Arslan, 2012 (87.5%), Zhao et al. (2001) 

(38.7) and Momtaz and Jamshidi, (2012) (34.93%). 

Incidence in children diarrhea (12%) was similar to 

Elsheikh and Alassouli, (2001) (13%), lower than 

Bitzan et al. (1993) (51%), Awadallah et al. (2014) 

(20%), higher than Christina et al. (2011), (0.3%) 

and Kesava et al., 2011 (1.3%). Serotypes O111:H2 

and O128:H2 were detected in meat, minced meat 

and diarrhea while serotype O119:H4 was detected 

in minced meat, poultry meat and diarrhea. Serotype 

O26:H11 was detected in meat, minced meat and 

poultry meat while serotype O114:H21 was detected 

in poultry meat and diarrhea. Serotype O125:H21 

was detected in meat and poultry meat while 

serotype O124 was detected in meat and diarrhea. 

Serotype O55:H7 was detected in meat and minced 

meat while serotype O44:H18 and O78 were 

detected only in minced meat and serotype O2:H6 

was detected only in poultry meat. It is noticed that 

most of serotypes were found in meat and minced 

meat and similar to serotypes of children diarrhea, 

there is a strong relation between serotypes of beef 

meat and human infections. O4, O5, O16, O26, O46, 

O48, O55, O91, O98, O111ab, O113, O117, O118, 

O119, O125, O126, O128, O145, O157 and O172 

are the most famous EHEC serogroups. Beside the 

novel discovered serogroups such as: O176, O177, 

O178, O179, O180 and O181 (Scheutz and 

Strockbine, 2005). Identification of STEC strains 

depends basically on serological typing by using O 

and H antigens (Gyles, 2007). Not only O157 but 

also non-O157 strains are implicated in sever 

diseases to the consumers and in certain localities it 

may be more common than O157 in causing 

diarrhea and HUS (Pradel et al., 2000). Some 

authors stated that non-O157 STEC infections may 

be milder than O157 infections (Brooks et al., 2005). 

Shigatoxin forming genes (stx1, stx2) and adhesion 

gene (eaeA) were found in about (17/32) 53% of 

isolated E. coli, most of them occur in meat and 

minced meat and lower in poultry meat and children 

diarrhea. Presence of such genes in isolates is 

indication for contamination of meat with highly 

virulent strains of E. coli and higher potential of 

sever food poisoning infection to the consumers. 

Meat and meat products are frequently contaminated 

during preparation by the workers. Production of 

shigatoxins and adhesion protein intimin is the most 

characteristic feature of STEC. Shigatoxins (stx1 

and stx2) have a cytotoxic effect through inhibition 

of protein synthsis and cell death while the adhesion 

protein, intimin, is a surface protein of cell wall 

which facilitates attachment of the bacteria to the 

intestinal cells.  Genes; stx1 and stx2 are found in the 

temperate lambdoid bacteriophages of E. coli 

chromosome while eaeA gene is found in the 

pathogenicity island in the chromosome, known as 

the locus of enterocyte effacement (LEE) (Paton and 

paton, 1998). 

 

CONCLUSION 

 
Shigatoxin producing E. coli contaminate red meat, 

minced meat, poultry meat by relative incidence 

rates. Infection transferred to human being through 

http://ps.oxfordjournals.org/search?author1=Hassan+Momtaz&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=Alireza+Jamshidi&sortspec=date&submit=Submit
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consumption of meat and poultry meat that 

manifested in positive samples of children diarrhea. 

These Serotypes produce dangerous Shiga toxins 

which responsible for food poisoning, bloody 

diarrhea, Hemorrhagic Colitis and Hemolytic-

Uremic Syndrome. Sufficient processing 

temperature should be confirmed during preparation 

to decrease incidence of high risk food poisoning 

and diseases. 
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عيُح  02انهحىو انحًزاء وانهحىو انًفزويح ونحىو انذواجٍ وٳسهال الأطفال و ذركىٌ يٍ عيُح يٍ  022أجزيد هذِ انذراسح عهً عذد 

. ذى فحص هذِ انعيُاخ تكرزيىنىجيا 0228أسىاٌ فً عاو  يحافظح ثيع انهحىو فًن انًخرهفح ًحالانيٍ  هاعيجًذى ذيٍ كم يُها 

 ,stx1 وانجيُاخ انخاصح تها وهى انًُرجح نسًىو انشيجا انقىنىَيحالأيشزيكيح نهكشف عهً ييكزوب وكيًيائيا و سيزونىجيا وجيُيا 

stx2 and eaeA . فً انهحىو انحًزاء وانهحىو انًفزويح ونحىو  الأيشزيكيح انقىنىَيحيعذل حذوز ييكزوب أوضحد انُرائج أٌ وقذ

جيُاخ انضزاوج كانرانً: جيٍ يعذل حذوز % عهً انرىانً تيًُا 20% و 20% و 28% و 00انذواجٍ وٳسهال الأطفال هى 

َسرخهص يٍ هذِ انذراسح  %.33-23% وجيٍ الأَريًيٍ أ هى 83-33هى  0جاذىكسيٍ % و جيٍ انشي77-33هى  2يجاذىكسيٍ انش

نً إانًُرجح نسًىو انشيجا يىجىد فً انهحىو انحًزاء وانهحىو انًفزويح ونحىو انذواجٍ ويُرقم  الأيشزيكيح انقىنىَيحييكزوب أٌ 

ال يٍ خلال الأطعًح انًهىثح. ذُصح انذراسح تضزورج انرأكذ يٍ انطثخ انجيذ و انحزارج انكافيح نهحىو قثم ذُاونها حرً يًكٍ الأطف

 .تهذا انًيكزوب انخطيز ذجُة انعذوي وانرسًى انغذائً
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